Cations and calmodulin in normal and neoplastic cell growth regulation.
The purpose of this presentation is to review pertinent literature pertaining to the role of divalent cations and calmodulin in regulating growth of nonneoplastic and neoplastic cells and to examine the anticancer efficacy of some calmodulin inhibitors. Although normal eukaryotic cell replication and proliferation is closely controlled by a complex system of endogenous substances, it is likely that the coordination of purposeful interactions between these substances is the ultimate responsibility of two groups of cellular components, namely the divalent cations Ca2+ and Mg2+ and the versatile intracellular Ca2+-binding protein calmodulin (CaM). When free Ca2+ enters normal cells, it acts as a positive signal for proliferation; this action appears to be specifically associated with the late G1 phase, just prior to DNA synthesis. This period is designated G1/S and is considered to contain Pardee's "restriction point." Reduction of extracellular Ca2+ concentrations between physiological levels (1-0.1 mM) results in gradually reduced rates of cell proliferation; at Ca2+ concentrations of 0.1 mM or less, normal cell proliferation is reversibly inhibited. Since an extracellular concentration of about 0.7 mM Mg2+ is required for Ca2+ to initiate cell replication, it has been proposed that Ca2+ and Mg2+ act in concert via a common mechanism, however, in contrast to Ca2+, Mg2+ appears to be required throughout the entire cell cycle. Intracellular Ca2+ can activate CaM which, in turn, can modulate various cellular processes that affect cell proliferation, including cyclic nucleotide metabolism, protein phosphorylation, polyamine metabolism, prostaglandin metabolism, Ca2+ transport, DNA synthesis, and microtubular function including mitosis.(ABSTRACT TRUNCATED AT 250 WORDS)